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Scalable Synthesis of Acridinium Catalysts for Photoredox Deuterations  
 
Abstract The continuous development of photocatalytic methods incentivizes 
the design of organic catalysts to complement the frequently used and 
precious polypyridyl transition metal systems. Herein, we describe a scalable 
synthesis of suitable acridinium dyes and their application in photoredox 
deuterations. The acridinium catalysts, prepared in multi-gram scale, allowed 
the deuteration of a pharmaceutically relevant scaffold in high yield and 
selectivity under mild conditions. 
Key words acridinium salts, deuteration, Grignard reactions, photoredox 
catalysis, scalability  
 
Acridinium	 salts,	 pioneered	 by	 Fukuzumi1	 and	 utilized	 for	
various	innovative	methodologies	by	Nicewicz,2	are	established	





by	 a	 twofold	 addition	 of	 a	 1,5-bifunctional	 organometallic	




the	 oxidation	 of	 the	 para-methyl	 group,5	 methods	 allowing	
variation	of	this	moiety	are	particularly	valuable.	Owing	to	the	
expedient	 accessibility	 of	 1,5-bifunctional	 organomagnesium	
reagents,6	 we	 anticipated	 that	 acridinium	 salts	 with	 different	
redox	 properties	 can	 be	 readily	 prepared	 on	 gram	 scale.	
Furthermore,	our	direct	acridinium	synthesis	from	esters	allows	
to	 incorporate	 electron-donating	 groups	 such	 as	 amino	
functionalities,	 that	 impactfully	modulate	the	properties	of	the	
organophotoredox	 catalysts.	We	 hence	 set	 out	 to	 explore	 the	
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i Pr3SiSH (30 mol%)
Li2CO3, D2O, NMP, 24 h










Our	 synthesis	 of	 the	 acridinium	 catalysts	 1	 started	 with	 the	
dibromophenyl-N-methylaniline	 precursor	 2a,	 which	 was	
obtained	through	a	Buchwald–Hartwig	amination	followed	by	a	
methylation	(Scheme	2).7	The	formation	of	the	1,5-bifunctional	
organometallic	 reagent,	 nucleophilic	 addition	 to	 ester	
substrates	and	dehydration	using	HBr,3a	led	to	acridinium	salts	
1a	and	1b	in	good	yields	(63%	and	78%,	Scheme	2).	Encouraged	
by	 these	 results	 and	 the	 distinctive	 catalytic	 performance	 of	
organophotocatalyst	 1c,3a	 we	 next	 tackled	 the	 gram-scale	
synthesis	of	1c	 and	1d.	 The	 former	preparation	of	reagents	3	
and	 4	 for	 the	 C-N	 cross	 coupling	 proved	 challenging	 during	
scale-up	 and	 led	 us	 to	 circumvent	 the	 Sandmeyer	 iodination	
from	3	 to	4.8	Gratifyingly,	 an	alternative	 route	 consisting	of	 a	




in	 good	 yields,	 purified	 by	 recrystallisation.10	 With	 the	 two	
coupling	partners	 in	hand,	a	C-N	cross-coupling,	 followed	by	a	
methylation	 were	 performed.7	 After	 recrystallisation,	 we	
received	 35	 g	 of	 the	 key	 intermediate	 2b.	 Similarly,	 the	
formation	 of	 the	 1,5-bifunctional	 organometallic	 reagent	 was	
achieved	on	large	scale,	using	elemental	magnesium	in	refluxing	
THF.	 Addition	 of	 the	 different	 carboxylic	 acid	 esters	 to	 the	
reagents	and	HBr	treatment	provided	3.9	g	of	1c	and	1d	in	83%	
and	84%	yield,	respectively.	
Interestingly,	 catalyst	 1a	 exhibited	 a	 higher	 excited	 state	
reduction	 potential	 (Table	 1,	 E1/2	 [P*/P-]	 =	 +2.32	 V	 vs	 SCE)	
compared	 to	 the	 Fukuzumi	 catalyst	 (E1/2	 [P*/P-]	 =	 +2.18	 V	 vs	
SCE).1	On	 the	other	hand,	1b	 displayed	a	 similar	 excited	 state	
reduction	potential	(E1/2	[P*/P-]	=	+2.21	V	vs	SCE),	indicating	the	
influence	of	electron	density	at	the	phenyl	moiety.	The	catalyst	
1d	 without	 the	 labile	 para-methyl	 group	 showed	 almost	
identical	properties	as	compared	to	1c	(E1/2	[P*/P-]	=	+1.25	V	vs	
SCE)	 which	 makes	 it	 an	 ideal	 candidate	 for	 further	
investigations	in	photoredox	catalysis.	
 














1a 426 512 2.83 –0.51 +2.32 
1b 438 499 2.77 –0.56 +2.21 
1c 503 530 2.40 –1.15 +1.25 
1d 504 533 2.40 –1.15 +1.25 
a Measured in MeCN (15 μmolL–1). 




we	 studied	 the	deuteration	of	 clomipramine	as	benchmarking	
reaction.11	 An	 average	 isotopic	 incorporation	 of	 7	 deuterium	
atoms	per	molecule	with	a	distribution	between	aliphatic	 and	
benzylic	positions	(C5,	C6,	C1’,	C3’,	NMe2)	has	been	reported	by	




an	 average	 of	 4	 deuterium	 atoms	 per	molecule	was	 observed	
when	using	1c	with	1	mol%	catalyst	loading.	A	similar	pattern	









































3) Pd2(dba)3 (2.5 mol%), 
    dppf (5 mol%), NaOt-Bu, toluene (70%)
1) aq. HNO3(68%), MTBE/
    THF
    then H2SO4 CH2Cl2 (52%)
5) Mg, THF, 60 °C
    then 
THF, 60 °C
Me
4) NaH, THF, then MeI (71%)
NH2
Br a) aq. HCHO (37%), H2SO4,
    THF, NaBH4 (94%) 1a : R1 = R2 = H, R3 = F (63%)
1b : R1 = R2 = H, R3 = OMe (78%)
1c : R1 = NMe2, R2 = R3 = Me (82%; 3.9 g)










2a : R = H
2b : R = NMe2 (35 g)
R1
then HBr
2) NH4Cl, Fe, 
    MeOH/H2O (87%)
b) NaI, CuI (cat), 
    1,4-dioxane (97%)

















2H Incorporationd (%) 
C5 C6 C1’ C3’ NMe2 
4CzIPN 80 7.1 13 13 47 71 70 
Fukuzumi 95 <1.0 - - - 11 4 
1ab 86 1.0 - - - 25 9 
1b b 88 <1.0 - - - 10 - 
1c  92 4.0 - - 20 64 39 
1c b 92 4.0 - - 20 64 39 
1d b 98 4.0 - - 15 70 39 
7a 98 <1.0 - - 3 15 7 
7b 76 1.3 - - 6 22 13 
7c 88 3.0 - - 12 49 30 
7d 96 <1.0 - - 3 19 5 
7e 97 1.0 - - - 25 8 
7f 97 2.2 - - 4 43 21 
 
a Reaction performed with clomipramine HCl (100 µmol), Li2CO3 (480 µmol), 
triisopropylsilanethiol (30 mol%), photocat. (2.5 mol%) unless stated otherwise, D2O 
(5.00 mmol) in NMP (1.6 mL) at RT, 24h irradiation with Kessil A160WE tuna blue. 
b Photocat. (1 mol%). 
c Yield of isolated products.  
d Determined by 1H-NMR of the free base.  
 
In	 conclusion,	 we	 describe	 an	 efficient	 synthesis	 to	 access	
acridinium	 salts	 with	 suitable	 photophysical	 properties.	 The	
direct	transformation	of	esters	into	acridinium	catalysts	allowed	
the	large-scale	synthesis	of	amino-functionalized	photocatalysts	
with	 attenuated	 photoredox	 properties.	 The	 utility	 of	 the	
catalysts	was	demonstrated	by	the	deuteration	of	clomipramine,	




THF	 (99.5%,	 Extra	 Dry,	 over	 Molecular	 Sieves,	 Stabilized,	 AcroSeal®,	
Code:	 348455000)	 was	 purchased	 from	 Acros	 Organics.	 All	 starting	
materials	and	reaction	solvents	were	purchased	from	commercial	sources	






(~30	 °C).	 All	 starting	 materials	 and	 reaction	 solvents	 were	 purchased	
from	commercial	sources	and	used	without	further	purification.	Solvents	




P60	 (230–400	mesh).	 Concentration	 in	 vacuo	was	 performed	by	 rotary	
evaporation	to	~	10	mbar	at	40	°C	unless	stated	otherwise.	1H	NMR	and	
13C	NMR	 spectra	 were	 recorded	 on	 a	 Bruker	 Avance	 III	 500	 MHz	
spectrometer	at	298	K	in	CDCl3	or	MeOD	supplied	by	Cambridge	Isotope	
Laboratories	 (DLM-7TB-100S).	 Chemical	 shifts	 (δ)	 are	 reported	 in	 ppm	
relative	to	tetramethylsilane	(0.00	ppm).	The	multiplicities	are	reported	
in	Hz	as:	s	=	singlet,	br	=	broad	singlet,	d	=	doublet,	t	=	triplet,	q	=	quartet	






ESI	 mass	 spectrometer.	 Cyclic	 Voltammetry	 was	 performed	 in	 dry,	
degassed	 0.1	 molL–1	 tetra	 nbutylammonium	 hexafluorophosphate	 in	
MeCN.	 Voltammograms	 were	 recorded	 with	 a	 Versastat3-200	
potentiostat	from	Princeton	Applied	Research	employing	a	glassy	carbon	
disk	working	electrode,	SCE	reference	electrode	and	a	silver	wire	counter	
electrode	 and	 a	 potential	 sweep	 rate	 of	 0.1	 Vs–1.	 The	 glassy	 carbon	










were	 corrected	 for	 the	 wavelength	 dependent	 sensitivity	 of	 the	








Prepared	 according	 to	 a	 modified	 literature	 procedure.7,13																																																






over	Na2SO4	 and	 concentrated	 in	 vacuo.	 The	 residue	was	washed	with	
pentane	and	dried	in	vacuo	to	obtain	a	white	solid	(3.87	g,	81%,	m.p.	106-
108	°C).		









1,5-Bifunctional	 Organomagnesium	 Reagent	 for	 the	 Ester	 to	
Acridinium	Transformation	
To	a	suspension	of	magnesium	turnings	(13.6	mg,	560	μmol)	in	anhydrous	
THF	 (0.20	 mL)	 at	 60	 °C	 was	 added	 a	 solution	 of	 2-bromo-N-(2	








i Pr3SiSH (30 mol%)
Li2CO3, D2O, NMP, 24 h








































(0.60	mL).	 The	mixture	 was	 stirred	 at	 60	 °C	 for	 3	 h	 during	which	 the	






Aqueous	 HBr	 (1.00	 mL,	 8.8	 molL-1)	 was	 added	 and	 the	 solvent	 was	
removed	in	vacuo.	The	residue	was	dissolved	in	MeOH	and	filtered	over	a	
bed	of	Amberlyst	A21	 free	base.	The	solvent	was	removed	 in	vacuo,	 the	
residue	was	 dissolved	 in	 CH2Cl2	 and	 3.0	 g	 of	 silica	 gel	 was	 added.	 The	
solvent	 was	 removed	 in	 vacuo	 and	 the	 residue	 purified	 by	 column	




Prepared	 according	 to	 general	 procedure	 A	 using	 methyl	 4-















Absorption	 spectroscopy	 (in	 MeCN):	 labs:	 426	 nm;																																																				
eabs:	 8.4·102	Lcm–1mol–1;	 lem(exc	 410):	 512	 nm;	 Stokes	 shift:	 86	 nm;								




Prepared	 according	 to	 general	 procedure	 A	 using	 4-methoxybenzoate	
(16.6	mg,	100	μmol)	and	the	1,5-bifunctional	organomagnesium	reagent	
to	 afford	 an	 orange	 solid	 (29.6	mg,	 78	%,	 decomp.	 at	 185	 °C):	 Rf	 0.16	
(CH2Cl2:MeOH	10:1).		










Absorption	 spectroscopy	 (in	 MeCN):	 labs:	 438	 nm;																																																				
eabs:	 3.2·102	Lcm–1mol–1;	 lem(exc	 360):	 499	 nm;	 Stokes	 shift:	 61	 nm;								

















allowed	 to	warm	up	 to	 room	 temperature	 and	was	 stirred	 for	 1	 h.	 The	




















The	 aq.	 layer	 was	 treated	 with	 aq.	 HCl	 (10%)	 and	 washed	 with	
diethylether	(2	x	500	mL).	NH4OH	aq.	(28%)	was	added	until	basic	pH	was	
reached.	The	aq.	layer	was	extracted	with	CH2Cl2	(3	x	1	L).	The	combined	
organic	 layers	 were	 washed	 with	 brine,	 dried	 over	 Na2SO4	 and	
concentrated	 in	 vacuo	 to	 yield	 4-bromo-N1,N1-dimethylbenzene-1,3-
diamine	as	a	black	solid	(28.1	g,	87%,	m.p.	57.1–58.7	°C).	Rf	0.29	(CH2Cl2	
100%).	














of	 NaI	 (39.0	 g,	 260	 mmol),	 CuI	 (1.24	 g,	 6.50	 mmol),N,N’-
dimethylethylenediamine	(1.40	mL,	13.0	mmol)	in	1,4-dioxane	(130	mL)	
at	RT	was	added	3-bromo-N,N-dimethylaniline	(18.6	mL,	130	mmol).	The	
reaction	mixture	was	 stirred	 for	 22	h	 at	 110	 °C	 and	 then	 cooled	 to	RT,	
treated	 with	 aq.	 NH4OH	 (28%,	 650	 mL)	 and	 H2O	 (300	 mL)	 and	 was	
extracted	with	CH2Cl2	(3	x	1.5	L).	The	combined	organic	layers	were	dried	





















To	 a	 degassed	mixture	 of	 4-bromo-3-iodo-N,N-dimethylaniline	 (55.4	 g,	
170	 mmol),	 4-bromo-N1,N1-dimethylbenzene-1,3-diamine	 (36.6	 g,	
170	mmol)	 tris(dibenzylideneacetone)dipalladium	 (3.89	 g,	 4.25	mmol),	
1,1’-bis(diphenylphosphino)ferrocene	(4.71	g,	8.50	mmol)	and	sodium	t-
butoxide	(24.5	g,	255.0	mmol)	was	 added	toluene	(560	mL)	 at	RT.	 The	
reaction	mixture	was	stirred	for	14	h	at	105	°C.	The	solution	was	diluted	
with	H2O	 (800	mL)	 and	 extracted	with	CH2Cl2	 (3	 x	 2	 L).	 The	 combined	
organic	layer	was	dried	over	Na2SO4	and	concentrated	in	vacuo.	The	crude	
was	purified	by	column	chromatography	on	silica	gel	(pentane/CH2Cl2	3:1	
to	 2:1	 to	 1:1)	 giving	 4-bromo-N3-(2-bromo-5-(dimethylamino)phenyl)-
N1,N1-dimethyl-benzene-1,3-diamine	 as	 a	 beige	 solid	 (48.9	 g,	 70%,	m.p.	
132.2–134.7	°C).	Rf	0.53	CH2Cl2	(100%).	
	IR	(ATR,	 neat):	 3399w,	 2895w,	 2804w,	 1590m,	 1562s,	 1496s,	 1441m,	
1354s,	1284s,	 1230w,	 1161m,	1065w,	989w,	921w,	 814m,	770s,	737w,	
682w.	
1H	NMR	(500	MHz,	CDCl3):	δ	=	7.36	(d,	3J	8.7,	2H,	C3H),	6.76	(d,	4J	2.9,	2H,	








benzene-1,3-diamine	 (48.3	 g,	 117.0	mmol)	 in	THF	 (334	mL)	 at	RT	was	
added	 sodium	 hydride	 (60%	 dispersion	 in	 mineral	 oil,	 14.0	 g,	 351.0	
mmol).	The	suspension	was	heated	to	75	°C	and	stirred	for	30	min	at	this	
temperature.	 Iodomethane	 (7.28	mL,	 117.0	mmol)	was	 added	within	5	
min	 at	 75	 °C	 and	 the	 reaction	 mixture	 was	 stirred	 for	 2	 h	 at	 this	
temperature.	 The	 suspension	 was	 treated	 with	 water	 (585	 mL)	 and	
extracted	with	CH2Cl2	(3	x	1.5	L).	The	combined	organic	layers	were	dried	
over	Na2SO4	and	concentrated	in	vacuo.	The	crude	solid	was	recrystallized	
from	 hexane/EtOAc	 (70	 mL;	 4:1)	 to	 give	 4-bromo-N3-(2-bromo-5-
(dimethylamino)phenyl)-N1,N1,N3-trimethylbenzene-1,3-diamine	(2b)	as	
a	beige	solid	(35.6	g,	71%,	m.p.	102.5–104.1°C):	Rf	0.55	(CH2Cl2	100%).	
	IR	(ATR,	 neat):	 2883w,	 2806w,	 1588s,	 1554s,	 1492s,	 1446m,	 1358s,	














5.98	 g,	 14.0	 mmol)	 in	 anhydrous	 THF	 (60	 mL)	 followed	 by	 1,2-
dibromoethane	(0.319	mL,	4.20	mmol).	The	mixture	was	stirred	at	60	°C	
for	3	h	during	which	the	reaction	mixture	turned	yellow.	To	this	solution	
at	 60	 °C	was	 added	 a	 solution	 of	 carboxylic	 acid	 ester	 (10.0	mmol)	 in	
anhydrous	THF	(100	mL)	and	the	reaction	mixture	was	stirred	at	the	same	
temperature	for	12	h.	Aqueous	HBr	(100	mL,	8.8	molL-1)	was	added	and	
the	 aq.	 phase	 extracted	 with	 CHCl3/i-PrOH	 (3	 x	 200	 mL;	 85:15).	 The	














13C	NMR	(125	 MHz,	 CDCl3):	 δ	 =	 155.4	 (C3,	 C6),	 154.0	 (C9),	 143.9	 (C4a,	
C10a),	 139.0	 (C4’),	 136.0	 (C2’,	C6’),	 130.4	 (C1,	C8,	C1’),	 128.6	 (C3’,	C5’),	





















Absorption	 spectroscopy	 (in	 MeCN):	 labs:	 504	 nm;																																																				
eabs:	 7.1·104	Lcm–1mol–1;	 lem(exc	 450):	 533	 nm;	 Stokes	 shift:	 29	 nm;								





According	 to	 a	 modified	 literature	 procedure.11	 To	 a	 mixture	 of	
triisopropylsilanethiol	 (5.71	mg,	 30	μmol),	 lithium	 carbonate	 (35.5	mg,	
480	μmol),	photocatalyst	(1–2.5	mol%,	see	table	3)	and	deuterium	oxide	








the	 residue	 purified	 by	 column	 chromatography	 with	 n-
hexane:acetone:Et3N,	96:2:2	to	afford	clomipramine	free	base.	Rf	0.34	(n-
hexane:acetone:Et3N,	8:1:1).	







treated	with	HCl	 in	 dioxane	 (4	molL–1,	 250	μL),	 concentrated	 in	 vacuo,	
triturated	from	Et2O	and	filtered.	
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can	be	 either	grey	 or	yellow	(it	will	 turn	eventually	yellow	after	
drying	under	vacuum).		
(15) The	celite	was	washed	with	EtOAc.			
(16) The	 reaction	 mixture	 turns	 beige	 immediately	 and	 the	 color	
remains	until	the	end	of	the	reaction.	
(17) After	 heating	 up	 to	 80°C,	 a	 hot	 filtration	 allowed	 to	 remove	
insoluble	 red	 solids,	 while	 the	 precipitate	 of	 product	 could	 be	
isolated	at	RT.	
	
